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Abstract

Pancreatic cancer is a highly fatal cancer with few
identified risk factors. Increased risk of pancreatic cancer
in tobacco smokers and among diabetic patients is well
established, and some reports have suggested associations
with coffee consumption and occupational exposure to
organochlorines. At present, there is little information
regarding the possible association of these risk factors
with the known genetic alterations found in pancreatic
cancers, such as activation of the Kas oncogene and
inactivation of the p53 tumor suppressor gene.
Knowledge of such relationships may help to understand
the molecular pathways of pancreatic tumorigenesis. We
investigated the association between these molecular
defects and risk factors for pancreatic cancer in 61 newly
diagnosed patients identified through an ongoing study of
pancreatic cancer in the San Francisco Bay Area.
Interview information was obtained regarding
environmental exposures, medical history, and
demographic factors. Serum levels of
dichlorodiphenyltrichloroethylene (DDE) and
polychlorinated biphenyls were available on a subset of
24 patients. Tumor blocks were located from local
hospitals and used for Kras mutational analysis at codon
12 and for p53 protein immunohistochemistry. The
molecular analyses were facilitated through the use of
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laser capture microdissection, which provides a reliable
method to obtain almost pure populations of tumor cells.
Mutations in K -ras codon 12 were found in 46 (75%)
of 61 pancreatic cancers. A prior diagnosis of diabetes
was significantly associated with kras negative tumors
(P = 0.002, Fisher’'s exact test). The absence of this
mutation was also associated with increased serum levels
of DDE, although this association was not statistically
significant (P = 0.16, Wilcoxon’s test). There was no
difference in polychlorinated biphenyl levels between the
K-ras wild-type and mutant groups.
Immunohistochemical staining for p53 protein did not
differ by patient characteristics or clinical history, but
significant associations were found with poor glandular
differentiation (P = 0.002, ¥ trend test), severe nuclear
atypia (P = 0.0007,x? trend test), and high tumor grade
(P = 0.004,x? trend test). Our results are suggestive of
the presence of kras codon 12 mutation-independent
tumorigenesis pathways in patients with prior diabetes
and possibly in patients with higher serum levels of DDE.
Our results also support a role for the p53 tumor
suppressor protein in the maintenance of genomic
integrity.

Introduction

Pancreatic carcinoma is the fifth leading cause of cancer death
in the United States (1). This is mainly attributable to the
extremely poor survival: less than 20% of newly diagnosed
patients survive the 1st year, whereas the 5-year survival rate
for all stages is less than 5%. Despite this poor outcome,
considerable progress has been made in our understanding of
the biology of pancreas carcinoma, with diagnosis and staging,
and with treatment and palliation of the disease.

The causes of pancreatic cancer remain unknown, but
there are several factors that increase the risk for the develop-
ment of the disease (for reviews, see Refs. 2—4). Two risk
factors have been firmly established: tobacco smoking and
diabetes mellitus. Between one-fourth and one-half of the pan-
creas cancer cases can be attributed to cigarette smoking; sev-
eral cohort and case-control studies have found an increased
risk of 2- to 3-fold (5, 6). A meta-analysis of 20 case-control
and cohort studies demonstrated that a history of diabetes
mellitus preceding the diagnosis of pancreatic cancer by more
than 1 year is associated with a 2-fold increased risk for
pancreatic cancer (4). This risk factor had not been appreciated
until recently, mainly because diabetes can be one of the symp-
toms associated with pancreatic cancer.

Dietary and environmental factors are suspected to influ-
ence pancreatic cancer risk; however, the results remain incon-
clusive (for review, see Ref. 2). Coffee consumption was ini-
tially reported to increase pancreatic cancer risk by a factor of
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2-3 (7), but subsequent studies have failed to reproduce this The molecular analysis of pancreatic cancer is compli-
finding (2, 8). Some studies have reported an increased risk cated by its infiltrative growth and by strong desmoplastic and
with high consumption of meat and low consumption of fruit, inflammatory responses from the host. Because of these fea-
whereas low-to-moderate consumption of alcoholic beverages tures, it can be very difficult to obtain tumor cell preparations
does not appear to be associated with an increased risk forthat are pure enough for molecular analyses. One approach to
pancreatic cancer (2). obtaining pure tumor DNA is to culture primary tumors as
Organochlorines are major environmental pollutants and xenografts in nude mice, but this approach requires living cells
include DDT and PCB compounds. DDT was widely used as and is difficult and time-consuming (25). A recent technical
a pesticide, whereas PCBs are a group of chemically related development, LCM, has improved the isolation of near-pure
synthetic compounds used for a variety of industrial and com- tumor cell populations (26). LCM has been successful in the
mercial purposes. Although DDT and PCBs were removed isolation of DNA and RNA from a variety of tissue specimens
from the United States market in the 1970s, residual exposure (27). The small surface area of microdissection makes LCM
continues because of the environmental persistence of thesemuch more precise than manual microdissection using a needle
compounds. Exposure to DDT (and its metabolite DDE) and or surgical blade.
PCBs occurs in occupational and environmental settings, either For the present investigation, we used a case-case ap-
directly or through food or other environmental sources. An proach to test the hypothesis that known risk factors for pan-
increased risk for pancreatic cancer has been reported amongcreatic carcinoma are associated with characteristic molecular
individuals occupationally exposed to DDT and other organo- defects in the tumors. This information may lead to a better
chlorine chemicals (for reviews, see Refs. 9 and 10). Elevated understanding of the molecular pathways that are present in
risks for pancreatic cancer were reported for DDT manufactur- pancreatic carcinogenesis.
ers (11), and to a lesser extent for workers potentially exposed
to PCBs (12). Because organochlorines are lipophilic and re- .
sistant to further metabolism, serum levels of DDE and PCBs Materials and .Methods . .
can be used as a surrogate measure of long-term exposure (13)Study Population and Tissue SamplesThis study was con-
To date, there has been only one report on the possible assoducted as part of an ongoing case-control study of more than
ciations of organochlorine exposure with genetic alterations in 950 cases of pancreatic cancer in the San Francisco Bay Area.
pancreatic cancer (14). Eligibility and methods of recruitment have been described in
Activating point mutations in codon 12 of -Kas are detail elsewhere (28). Briefly, eligible cases consisted of all
among the most common oncogene alterations in human ade-Patients between 21 and 85 years of age who were diagnosed as
nocarcinomas, especially in pancreatic carcinoma (for reviews, having cancer of the exocrine pancreas, and who were residents
see Refs. 15-17). In the earliest report, more than 90% of of the San Francisco Bay Area Counties of San Francisco,
pancreatic carcinomas were shown to harbemak codon 12 Alameda, Marin, Contra Costa, San Mateo and Santa Clara. For
mutations (18), whereas more recent and larger studies havethis substudy cases were diagnosed between May 1, 1995, and
indicated a prevalence of about 75% (19, 20). K-ras is one of a October 1, 1998. Patients had to be capable of having an
family of threeras oncogenes that also includes the Harvey- interview in English at the time of enroliment. Cases were
and Nras oncogenes. Theas oncogenes encode for ClOSG'y |de|.'\t|f|ed through the Northern California Cancer Center’'s
related GTP-binding proteins that can acquire transforming rapid case ascertainment and through the pathology records of
potential when altered in one of the critical positions at codons the UCSF teaching hospitals. All of the subjects provided
12, 13, or 61. Under normal circumstances, ras proteins are informed consent before participating.
involved in growth signal transduction within the cell, similarly At the start of this substudy, information on a total of 321
to “second messenger” G-proteins (for review, see Ref. 21). €ligible patients was gvallable from the San Francisco Bay
Cancer-associated point mutations occur almost exclusively in Area, whereas 53 patients were enrolled from the UCSF pa-
codon 12 of the Kras oncogene. thology records. A total of 91 patients had surgical tumor

Inactivation of thep53 tumor suppressor gene is very material available for study, of which 78 were from the Bay

common in almost all human cancers (for review, see Ref. 22).
Normal p53 protein functions in cell cycle regulation, in main-
tenance of genomic stability, and in controlled cell death (ap-
optosis). A mutated p53 protein is capable of inactivating the
normal function of p53 in the cell, even in the presence of the
normal (wild-type) protein. Most inactivating mutationspb3
consist of single-point mutations in evolutionarily conserved
domains that change the amino acid composition of the result-
ing p53 protein. The majority of inactivating mutationsgh3
lead to an increased stability of the p53 protein. Under normal
conditions, p53 protein levels in the cell nucleus are not de-
tectable by standard protein immunohistochemistry, but in cells
with mutatedp53, the accumulation of p53 protein is easily
detectable. Inactivation of thp53 tumor suppressor gene is
common in pancreatic carcinoma and is found in 50—70% of
cases (23-25).

3The abbreviations used are: DDT, dichlorodiphenyltrichloroethane; DDE, di-
chlorodiphenyltrichloroethylene; PCB, polychlorinated biphenyl; LCM, laser
capture microdissection; UCSF, University of California at San Francisco.

Area and 13 were from UCSF pathology records. In 18 of these
patients, formalin-fixed paraffin-embedded tumor samples
could not be obtained, mainly because of hospital refusal. For
an additional six patients, the archival samples that were ob-
tained contained insufficient tumor material for analysis, re-
sulting in a total of 67 patients for whom all information and
tumor material were available for study. An additional six
specimens were excluded from the analysis because of histopa-
thology other than pancreatic ductal carcinoma (three cystade-
nocarcinomas, two cystadenomas, one small cell tumor with
neuroendocrine features). Thus, a total of 61 patients had suf-
ficient material available for molecular analysis.

Pathological Review and Grading of Pancreas TumorsThe
microscopic slides from all 61 cases were reviewed independ-
ently by a clinical pathologist (G. P. F.), without knowledge of
the submitting diagnosis. Tumors were graded as outlined in the
Armed Forces Institute of Pathology Atlas on Tumors of the
Pancreas (29), including glandular differentiation, number of
mitoses per 10 high power microscopic fields100), and
nuclear atypia. The extent of mucin production by the tumor
was not deemed to be easily evaluable and was not included
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among the grading factors. Each of the three factors was as-TGT GGT AGT TGG ACC T-3) and primer D (5TCA TGA
sessed independently and scored from 1 to 3. The three scoreAAA TGG TCA GAG AAA CC-3’) in a total volume of 25ul
were added to provide a total score that ranged from 3 to 9. for 35 cycles. To enrich for mutant-Kas codon 12 sequences,
Grade | carcinomas had scores of 3 or 4, Grade Il had scores 0of10 ul of PCR-I was then used for digestion by the restriction
5-7, and Grade Il had scores of 8 or 9. With tumors exhibiting endonuclease Mval (Boehringer Mannheim, Indianapolis, IN).
variations in degree of differentiation, grading was based on the Mval specifically cuts the wild-type Kassequence but not any
more poorly differentiated area if this area was 5 mm or larger. sequences that are mutant at codon 12 efak For each
Tumors were also designated as Grade Il if the entire tumor sample, a second round of PCR amplification was then carried
exhibited poorly differentiated architecture regardless of the out using the PCR-I product (which was unenriched for mutant
total score, or if two of the grading factors were in the highest sequences), and in a separate tube, with the Mval-digested
score category regardless of the score of the third factor. ThesePCR-I product (which was enriched for mutant sequences).
modifications were used in four tumors that had a disparity PCR-ll was performed with primers A and B'(3CA AAG
between a low mitotic count and an otherwise poorly differen- AAT GGT CCT GGA CC-3) in a total volume of 5Qul for 15
tiated tumor and that had limited material available for review. cycles. Other PCR parameters and conditions were as described
Information on the origin and stage of the tumors was extracted previously (31, 32). The unenriched and mutant-enriched
from the original pathology reports. Of the 61 carcinomas PCR-II products were then subjected to digestion with Mval
included in this study, 59 were identified as ductal adenocar- followed by agarose gel electrophoresis to distinguish between
cinoma of the pancreas (3 were located in the tail of the wild-type and codon 12 mutant-kas. Samples were consid-
pancreas), and 2 tumors were diagnosed as carcinoma of theered mutant when the unenriched PCR product showed a visible
ampulla of Vater. In all except 4 cases, sufficient staging mutant signal that we estimated corresponded to a mutant
information was available from the original pathology report. contribution of at least 10% of the original LCM microdissected
Staging classification was performed according to the most sample. To determine the specific nucleotide change at codon
recent pancreatic cancer classification system by the American 12 of K-ras, mutant samples were subjected to automated DNA
Joint Committee for Cancer (30). sequence analysis. For this purpose, the mutant-enriched
LCM. LCM works by examination of a standardsm section PCR-II product was purified using QIAquick columns (Qiagen,
under the LCM microscope and by bringing a plastic cap in Valencia, CA), used for DNA cycle sequencing with the ABI
direct contact with the cells of interest. Activation of the LCM  Prism dRhodamine terminator cycle sequencing kit (Perkin-
infra-red laser briefly melts the thermoplastic ethylene vinyl EImer Applied Biosystems, Foster City, CA).
polymer on the cap surface, which causes cells to adhere to thelmmunohistochemistry for p53 Tumor Suppressor Protein.
cap for removal from the slide. The selection of optimum areas Immunohistochemical staining for p53 was carried out with
of tumor for microdissection was based on several factors. monoclonal antibody Bp-53-11 using the NexES automated
These included the absence of intermixed or immediately ad- staining system (Ventana Medical Systems, Tucson, AZ) ac-
jacent benign pancreatic acinar, ductal, or islet tissue, the ab-cording to instructions by the manufacturer. Fiuey tissue
sence of marked inflammation or hemorrhage, and the presencesections were collected on positively charged slides, deparaf-
of glandular or solid tumor tissue that appeared to be repre- finized with xylene, and rehydrated in ethanol series. Antigen
sentative of the tumor in the material available. The areas retrieval was performed by boiling the samples for 5 minin 0.1
chosen for microdissection were outlined in ink on the glass M citrate buffer [0.1m citric acid monohydrate and 0.
slides and matched to the same area on consecutive weaklysodium citrate (pH 6.0)]. Final detection was performed with a
stained slides used for microdissection. Sections were cut at 5standard biotin-avidin detection kit (Ventana Medical Sys-
wm. LCM was performed with a 3pm laser beam, firing tems). In the large majority of the cases, immunohistochemical
approximately 500 laser hits at an amplitude of 50 mW for 50 Staining for p53 was intense and localized in the nucleus of
milliseconds. The polymer caps with the microdissected cells about 80-90% of the tumor cells. A minimum of 10% of the
were then transferred to a 0.5-ml microcentrifuge tube contain- tumor cells had to demonstrate nuclear staining to be counted as
ing 50 I of DNA lysis buffer [10 ma TRIS (pH 8.0), 0.2% P53 immunohistochemistry-positive.
Tween 20, and 10@g/ml proteinase K]. The tubes were then Environmental Exposures. A detailed in-person interview
inverted and incubated for 18—-24 h at 56°C. Before PCR, the was conducted in the subject’'s home or at a place convenient to
proteinase was inactivated by incubation at 95°C for 10 min. the subject to obtain information on environmental exposures
After LCM, the glass slides with the microdissected tissue (diet, smoking history, and coffee consumption) and medical
were coverslipped and examined with the light microscope to history along with demographic factors. No proxy interviews
determine the accuracy and effectiveness of the microdissec-were conducted. Self-reported information on cigarette smok-
tion. In those cases in which the tumor was missed or was ing was obtained for age of first smoking, number of years
dissected along with benign tissue, the microdissection was smoked, and number of cigarettes per day (for each period of
repeated. This evaluation of the microdissected slides, and thesmoking). Intervals that reflected a change in the smoking
consequent decision to repeat the dissection or not, was carriedpattern were also assessed to obtain a more accurate measure of
out independently and without knowledge of the molecular lifetime cigarette smoking. Coffee consumption in the year
analysis of the original microdissected sample. prior to diagnosis was obtained via a semiquantitative food
Analysis of K-ras Mutations. K-ras mutations were deter- frequency questionnaire. Cut points in the distribution of coffee
mined by a previously described method using a semi-nested consumption were selected based on the distribution in the
PCR approach followed by mutation enrichment (31). DNA sample.
sequence analysis was performed to determine the precise nuBlood Sampling and Analysis. For patients enrolled between
cleotide change in codon 12 of i&s (32). Briefly, 5 ul of the October 1, 1996, and October 1, 1998, nonfasting blood sam-
DNA preparation, equivalent to one-tenth of the sample, was ples were obtained about 3 months postdiagnosis and were used
used for a first round of PCR amplification. PCR-1 was carried for chemical analysis of organochlorines. These serum samples
out using primer A (5GAA AAT GAC TGA ATATAAACT were analyzed for organochlorines as described previously
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(33). Briefly, each sample was extracted by solid phase extrac-

Table 1 Comparison of patient characteristics between the original

tion and then analyzed on two separate gas chromatographs participants in the ongoing population-based case-control study of pancreatic

with electron capture detection. Samples were adjusted for
recovery of the solid phase extraction method using the values
reported in Ref. 33. Results in ng/ml serum were obtained for
p.p’-DDE, p,p’-DDT, and 11 PCB congeners. Serum specimens
were analyzed for cholesterol and triglycerides using enzymatic
methods. Lipid-corrected organochlorine levels were created by
dividing the recovery-adjusted estimates by the lipid content of

the serum sample. The use of lipid-corrected values has been

shown to account for differences in lipophilic chemical levels
between fasting and nonfasting samples (13). The sum of all

PCB congener values measured was used as a measure for total

PCBs level. A detailed analysis of organochlorine levels in this
patient population, including a discussion on possible effects of
body size changes, has been published previously (28).

Statistical Analysis. Data analysis consisted of descriptive
statistics using” test, x? test for trend, and Fisher’s exact test.
Comparisons of normally distributed data, such as pack-years,
were performed using Studenttstest. Comparisons of non-
normally distributed data, such as organochlorine levels, were
performed using Wilcoxon’s rank test. The statistical analyses
were performed using SAS/STAT statistical software (SAS
Institute, Cary, NC). All of the tests were two-sided and a value
of P < 0.05 was considered statistically significant.

Results

Patient Characteristics and Selection.A total of 61 patients

with pancreatic adenocarcinoma were included in this analysis.
To assess a possible selection bias because of the limited
number of cases with biopsy material available, a comparison
of the main demographic, clinical, and exposure characteristics
was made between patients enrolled through 1998 in the pop-

ulation-based case-control study of pancreatic cancer in the San

Francisco Bay Area and the patients in this study (Table 1).
None of these parameters varied significantly between the
overall study and this subgroup, although cases with tumor
material available were more likely to be female and to drink
less coffee.

The clinical characteristics and the pathological findings
of the 61 patients enrolled in this study are listed in Table 2. For

cancer and the subset with tumor blocks available

Ongoing

g case-control Subset with
Characteristic tumor blocks
study n=61
n =321
Age at diagnosis£SD) 64.9 (-10.7) 63.9 (-11.3)
Sex
Female 161 (49.8%) 34 (55.7%)
Male 160 (50.2%) 27 (44.3%)
Race
African-American 30 (9.3%) 4 (6.6%)
Asian 21 (6.5%) 4 (6.6%)
White 267 (83.2) 53 (86.8%)
Other 3(1.0%) 0 (0%)
Diabete8
Yes 31(9.7%) 8 (7.0%)
Average yr prior (-SD) 7.8 (£5.9) 8.3 (-6.1)
Range (yr) 2-22 2-21
Smoking
Ever 205 (63.9%) 37 (60.7%)
Never 115 (35.8%) 24 (39.3%)
Unknown 1 (0.3%) 0 (0%)
Coffee consumptidh
Less than 1 cup/day 149 (46.4%) 18 (29.5%)
1 or more cup/day 170 (53.0%) 43 (70.5%)
Unknown 2 (0.6%) 0 (0%)
Organochlorine levefs
DDE (ng/g lipid)
Mean (=SD) 2054 (-2038) 1848 (-1377)
Median 1287 1395
Range 187-16679 187-5352
PCBs (ng/g lipid)
Mean (=SD) 433 (-412) 474 (-422)
Median 329 426
Range ND-2642 1-1840

2 Self-reported diabetes more than 1 year before pancreatic cancer diagnosis.
b Defined as>100 cigarettes smoked in a lifetime.

¢ Total coffee consumption.

9 Data from Hoppinet al. (28).

¢ND, not detectable (detection limit for each PCB is 0.2 ng/ml).

each of these patients, neoplastic tissue was obtained and seriafesulting in an estimated yield of 2500 cells per sample. The

5-um sections were made from the formalin-fixed, paraffin-

equivalent of 125 cells (which should contain 250 copies of the

embedded tumor blocks. Serial sections were used for standardk -ras oncogene) was used for PCR amplification. To verify

H&E staining, for immunohistochemistry, and for molecular

that there was sufficient amplifiable DNA present in these

analyses. Because surgical specimens of pancreatic cancer magamples, Kras PCR analysis was performed on 5-fold serial

only contain a minority of tumor cells, we used LCM to dissect
the malignant cells away from stromal and inflammatory cells
(26, 27).

LCM. An example of pancreatic cancer histology and the
LCM procedure is shown in Fig. 1. A standard H&E-stained
tumor section is shown in Fig Al and the same tumor area is

shown in Fig. B as seen with the LCM microscope. Ductal

patterns are clearly visible in this field, although more subtle

dilutions of representative tumor samples and were compared
with dilutions of known amounts of placenta DNA. Fig. 2
shows 5-fold serial dilutions of 0.4 ng of placenta DNA (equiv-
alent to about 250 gene copies), which gives a signal down to
a dilution of about 1 gene copy, but not at lower dilutidasf

3 lanesfor placenta DNA). Microdissected DNA amplifies at
an approximately equivalent dilution, indicating that each mi-
croliter of the LCM DNA preparation yields a sufficiently large

morphological features may be difficult to distinguish. The next number of gene copies to allow adequate tumor representation.
two panels (Fig. 1C and D) depict an example of the LCM To determine the contribution of cells that were picked up
slide after microdissection and the corresponding microdis- by nonspecific adherence to the cap, we included controls for
sected tumor material. In this study, capture was usually near which the laser was not activated. In these controls, the cap was
complete, although in individual cases, a smaller fraction of the allowed to touch the tissue, but no laser hits were performed
targeted cells was transferred to the cap. Examination of the (Cap onlylanes). The signal obtained in this way indicated the
caps after overnight incubation with DNA isolation buffer presence of a small fraction of cells that adhered to the caps but
indicated complete digestion of cellular material (not shown). only in the undiluted specimens. These experiments demon-
For each tumor sample, approximately 500 laser hits were strated a high level of enrichment for cells in the laser field and
performed. On average, about 5 cells are removed per laser hit,only a minimal contamination from other cells. In addition to an
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Table 2 Characteristics of 61 patients with pancreatic carcinoma and
univariate analysis of Kas codon 12 mutation in pancreatic cancer patients,
San Francisco Bay Area 1995-1998

K-ras negative K-ras positive

n=15 n =46 P

Characteristic n

Age at diagnosis£SD) 61 64.6 {9.8) 63.9¢11.3) 0.84

Sex 0.7%

Female 34 9 (60%) 25 (54%)
Male 27 6 (40%) 21 (46%)

Race 1.00
African-American 4 1 (7%) 3 (7%)

Asian 4 1(7%) 3 (7%)
White 53 13 (86%) 40 (86%)

Diabete§ 0.002
Yes 8 6 (40%) 2 (4%)

Average yr prior (:SD) 10.8 (-6.5) 4(*2.8)
Range (yr) 4-21 2-4

Tumor stage 0.08
| 13 6 (40%) 7 (15%) Fig. 1. Example of histopathology and LCM of pancreatic canderH&E-

I 14 3 (20%) 11 (24%) stained tumor sectionx(25) with stromal and inflammato_ry cells surrounding the

m 25 4 (26%) 21 (45%) tumor ductsB, the same tur_nor area undgr the LCM microscopdQ); bgcause

Y 5 1.(7%) 4(9%) of thg absencg Qf a coverslip, Iarg_er archltect‘ural featurgs—but not flne_r cellular
details—are visibleC, tumor section after microdissectiorx40), illustrating

Unknown 4 1(7%) 3(7%) precise microdissection of tumor ducts without inclusion of adjacent reactive

Glandular differentiation 0.59 tissue; D, microdissected tumor cells adherent to the LCM capi@) and
Well 28 6 (40%) 22 (48%) subsequently used for DNA isolation.

Moderately 15 7 (47%) 8 (17%)
Poorly 18 2 (13%) 16 (35%)

Nuclear atypia 0.32 . o . .
Mild 15 5 (33%) 10 (22%) shown in Table 2. There was no significant difference with
Moderate 20 5 (33%) 15 (33%) respect to age-at-diagnosis, sex, or race. Patients with a self-
Severe 26 5 (33%) 21 (45%) reported history of diabetes more than 1 year prior to cancer

Mitotic index 0.7 diagnosis had a significantly lower frequency ofr&s muta-

Low 36 9(60%) 27 (59%) tions than patients who did not have this diagnosis (Fisher's
Medium 18 5(33%) 13 (28%) exact testP = 0.002). The mean time between diagnosis of

T High q 7 1(7%) 6 (13%) 0.5 diabetes and pancreatic cancer diagnosis was 9.1 years (range,

aror grace 2 6aow 17 (37%) : 2-21 years) for all patients with a diagnosis of diabetes more

i 16 5(33%) 11 (24%) than 1 year prior to the pancreatic cancer diagnosis.

i 22 4(27T%) 18 (39%) The following histopathological features of the tumors
were determined: glandular differentiation, nuclear atypia, and
mitotic index. The combination of these three factors resulted in

2 Student’st-test.
b Fisher's exact test.

© x? test. a score for tumor grade (I through IlI). In addition, staging
9 Self-reported diabetes more than 1 year prior to pancreatic cancer diagnosis. information was obtained from the pathology recordstalk
2 . . .
;X test for trend. mutational status was not associated with any of these factors,

f Mitatic fi inho 3 . 5 H —10° hi A A . -
Mitotic figures per 10 high-power fields: low, 0-5; medium, 6-10; higti,0. although there was some evidence for a hlgher incidence of

K-ras mutations with increasing tumor stage € 0.08, y* test
for trend).

analysis on LCM enriChment, the fOIIOWing negative controls The ana|ysis of the re|ati0nship between environmental
were included: lysis buffer only, and water-only in PCR-I and exposures and #as codon 12 point mutations is shown in
PCR-II amplifications. Table 3. There was no significant difference betweenak
K-ras Codon 12 Mutational Analysis. An example of the positive and negative tumors with respect to smoking history
initial screen for Kras codon 12 point mutations is shown in  for the following comparisons: everersusnever smoker, non-
Fig. 2B. Aliquots of both the unenriched and mutant-enriched smokerversuscurrent smoker, average pack-years, or duration
PCR-Il product are digested with Mval to yield a wild-type of smoking. Coffee consumption was analyzed for caffeinated,
K-ras DNA fragment of 111 bp and a mutant fragment of 147 decaffeinated, and total coffee consumption. No significant
bp. The original wild-type:mutant ratio is represented in the differences were found with respect toris mutation and
unenriched lanes, whereas an almost pure mutant DNA popu- coffee consumption. Patients withi#&s positive tumors tended
lation can often be achieved in the mutant-enriched lanes. The to have lower serum levels of DDE, but this difference did not
latter property makes these PCR preparations amenable forreach statistical significance. Median serum DDE levels were
automated sequence analysis (32). Fig. 3 demonstrates DNA1951 ng/g lipidversus1287 ng/g lipid in patients with Kas
sequence analysis of four different tumors. Of the total of 61 negative and Kras positive tumors, respectivelyP(= 0.16,
pancreatic cancers, 46 (75%) had a mutantak codon 12 Wilcoxon’s test). There was no difference between theak-
sequence, whereas 15 (25%) of the tumors had the normalnegative and positive groups with respect to median levels of
“GGT" sequence at codon 12. The distribution of activating total PCBs P = 0.34, Wilcoxon’s test). With the present
mutations was: 25 (54%) “GAT,” 14 (30%) “GTT,” 6 (13%) sample size, the minimum detectable difference was 1758 ng/g
“CGT,” and 1 (2%) “TGT.” lipid for DDE (versus664 ng/g lipid observed) and 285 ng/g

A comparison between the characteristics of all 61 patients lipid for PCBs {ersus18 ng/g lipid observed), at 80% power
and the results of the ¥as codon 12 mutational analysis is and with a 0.05 significance level.
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Cap only

M 123 456 7 8 810 11

A

M1 23 456 78 8101

B

Placenta DNA

Tumor sample
12 13 14 15 16 17 18 18 202122 23 24 M

= K-ras

12 13 14 15 16 17 18 19 20 M

< MT
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Fig. 2. Analysis of pancreatic cancer samples by mutant enriched PCR-fas.Kn A, as shown in the middle part of the gébfies 9—1§ placenta DNA was diluted
from 0.4 ng (-250 gene copies) in 5-fold steps down to less than 1 copy per reaCtiotine right(Lanes 17—-2) 5-fold dilutions of a representative tumor sample starting
from 5 ul (1/20 of the LCM preparation) per reaction are shown. Inléfepart of the gelLanes 1-§ 5-fold serial dilutions of one of several LCM preparations from
caps that only touched the tissue without any activation of the laser are shown. The assay can detect as low as 1 gene copylisi@RSycles. IiB, the equivalent

of approximately 250 gene copies (1/20 of the LCM preparation) was amplified from seven microdissected pancreas cancer cases and digestetheitbpMbaald

the undigested mutant kKas sequence (147 bp); tHewer band the digested wild-type Kas band (111 bp). Théeft lane (odd numbersfor each sample is unenriched
for mutant Kras and, therefore, corresponds to the original wild-type:mutant ratio in the tumor, where@ghthiane (even numbejsvas enriched for mutants at codon
12 of K-ras. The sample irLanes 5and 6 was wild-type for Kras, whereas all other samples had mutant signals that enriched after Mval digésti@s. 15and 16,

17 and 18, and19 and 20 are cap only and PCR-I water and PCR-II water only controls, respectMelgnes, loaded wittMsp-digested pUC18 as a size marker.

codon 12

A

TACGCCACCAGGTCC
b] 130

B |

TACGCCATCAGQGTCC

TAC@CCANCAQGTCC
0 80

“M

Fig. 3. Automated DNA sequence analysis ofr&s codon 12 mutations in

pancreatic cancer. The cDNA sequence was used for this analysis. Hence, the

wild-type K-ras codon 12 sequence reads “ACC,” corresponding to the GGT
sequence in the coding strard.example of wild-type (GGT) Kasat codon 12;

B, example of mutant Kas (GAT); C, example of mutant Kas (GTT); D,
example of mutant Kas (GAT) with a lower level of enrichment for the mutant
sequenceArrows position 2 of the Kras codon 12 sequence.

p53 Immunohistochemical Analysis.A total of 49 patients

had sufficient tumor material available for immunohistochem-
ical analysis of p53 protein accumulation. An example of such
an analysis is shown in Fig. 4. Staining for p53 was always
limited to the nucleus of histologically abnormal cells. A com-

parison of patient characteristics and p53 immunohistochemical

results is shown in Table 4. There was no statistically signifi-

Table 3 Environmental exposures andrés codon 12 mutation in pancreatic
cancer patients, San Francisco Bay Area 1995-1998

K-ras negative  K-ras positive

Characteristic n n=15 n= 46 P
Smoking history N.S.
Never smoker 24 6 (40%) 18 (39%)
Ever smoker 37 9 (60%) 28 (61%)
Pack-year £SD) 50.9 (-48.2) 31.0 (-20.6)
Years of smoking £SD) 38.3(:15.4) 32.6 (£12.1)
Current smokers 13 3 10
Coffee consumption 61
Caffeinated 1.00
<1 cup/day 7 (47%) 17 (37%)
=1 cups/day 8 (53%) 29 (63%)
Decaffeinated 0.43
<1 cup/day 14 (93%) 38 (83%)
=1 cups/day 1 (7%) 8 (17%)
Total coffee 1.00
<1 cup/day 7 (47%) 11 (24%)
=1 cups/day 8 (53%) 35 (76%)
Organochlorine levels 24 7 17
DDE (ng/g lipid) 0.16
Mean (=SD) 2579 (-1648) 1547 £1203)
Median 1951 1287
Range 860-5347 187-5352
PCBs (ng/g lipid) 0.32
Mean (=SD) 633 (-594) 408 (-337)
Median 304 322
Range 180-1840 1-1306

2N.S. Not significant; analyses done for: ewmrsusnever smokerR = 1.00,
Fisher’s exact test); nonsmokeersuscurrent smokerR = 1.00, Fisher’s exact
test); pack-yearR = 0.26, Student-test); duration of smokingR = 0.22,
Student’st-test).

b Fisher's exact test.

¢ Wilcoxon's rank-sum test.

diabetes. A strong association between p53 immunohistochem-

cant difference between the p53-negative and positive groupsical staining and glandular differentiatio® (= 0.002, ¥ test
with respect to age-at-diagnosis, sex, race, or prior history of for trend) and nuclear atypi&@(= 0.0007 ,x? test for trend) was
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Table 4 Characteristics of 49 patients with pancreatic carcinoma and
univariate analysis of p53 immunohistochemical staining in pancreatic cancer
patients, San Francisco Bay Area 1995-1998

p53 negative p53 positive

Characteristic n n=oa n= 25 P
Age at diagnosistSD) 49  65.6 (-10.8) 63.7 (10.8) 0.7
Sex 0.28
Male 24 14 (58%) 10 (40%)
Female 25 10 (42%) 15 (60%)
Race 0.1%
White 42 22(92%) 20 (80%)
African-American 4 1 (4%) 3 (12%)
Asian 3 1(4%) 2 (8%)
Diabete§ 0.46
Yes 8  5(21%) 3 (12%)
No 41 19 (79%) 22 (88%)
Tumor stage 0.01
I 11 8(33%) 3 (12%) 0.88
I 10 3(13%) 7 (28%)
i 20 7(29%) 13 (52%)
Y 5  5(21%) 0 (0%)
Unknown 3 1 (4%) 2 (8%)
Glandular differentiation 0.002
Well 23 15(63%) 8 (32%)
Fig. 4. Immunohistochemistry of p53\, negative control, in the absence of a Moderately 13 8(33%) 5 (20%)
specific antibody for immunohistochemical staining25). B, a consecutively cut Poorly 13 1 (4%) 12 (48%)
tissue section stained for the p53 tumor suppressor protélB) There is intense Nuclear atypia 0.0007
nuclear staining in the pancreatic tumor ducts and the absence of staining in a Mild 13 10 (42%) 3 (12%)
large atypical, but nonmalignant, pancreatic duct in the middle of the figure. Moderate 17 11 (46%) 6 (24%)
Severe 19 3 (13%) 16 (64%)
Mitotic index’ 0.17
Low 29 16 (67%) 13 (52%)
i 0, 0,
observed, but p53 staining was not associated with mitotic '\HAiZ?]'um 155 17 ((f;f) f ((1362:,3)
activity of the tumors. The composite of these three parameters, tymor grade 0.00%
tumor grade, was also associated with p53 immunohistochem- | 19 12 (50%) 7 (28%)
ical staining P = 0.0038, x* test for trend). There was an I 13 10 (42%) 3 (12%)
indication of heterogeneity in p53 staining by tumor staje=( i 17 2(8%) 15 (60%)
0.01, Fisher’s exact test); however, there was no evidence of a2 student'st-test.
trend toward higher stagd® (= 0.88, y? test for trend). zFistZiS exact test.
A relatlonShlp betwee_n p53 staining and SmOKIng hIStory d)éelf—reported diabetes diagnosed year prior to pancreatic cancer diagnosis.
was analyzed by comparison of everrsusnever smoking, © 2 test for trend.

current smokingrersusprior- and never-smoking, mean pack- f Mitotic figures per 10 high-power fields: low, 0-5; medium, 6—10; higt.0.
years, and mean duration of smoking. Eleven of 18 never
smokersversus14 of 31 ever smokers were positive for p53
staining, whereas ever smokers had an average of 36 and 39_. .
pack-years in the p53 positive and negative groups respectively. Dlscusspn ] ) ] . »
None of these comparisons showed statistically significant dif- Pancreatic cancer is a highly fatal cancer with few identified
ferences. There was no difference with respect to coffee con- risk factors. Hospltal-based.studles have Qemonstrated thg im-
sumption (caffeinated, decaffeinated, or total) in relation to p53 Portance of several genetic alterations in cancer-associated
immunohistochemical staining. In the p53 positive group, 11 genes that are common In pancreatic cancer. These studies have
paents hadan average ofal cofeeconsumptonmeup per - L€ COMICer b s n obiiing pute tor o
Idna)%\é\lh;;esrgar?elgitﬁ)\?ge;rtc?uc:)r,a?rlrezg ?]Vuergigjfs\gz pleL{ (;?:j 10 genetic findings with known risk factors for pancreatic cancer.

respectively P = 0.396, Fisher's exact test). Median serum ﬁ-ras and ps3 Alteration?. Mutaﬁic_)ns in codtqn 12 of tge .
levels of DDE and PCBs were not significantly different be- -ras oncogene are very frequent in pancreatic cancer. rrevi-

. o ous reports have indicated that between 70 and 90% of the
tlméi%r:/g:suﬁg gn; ?1agt/ze|iSir(ljda%c:jSIg\(/:eBgrS\/ueez E;@Erslﬁ;/ilgslwere tumors harbor such mutations (18, 19). _In this study, 75% of the
L v . tumors harbored Kas codon 12 mutations. The majority of
ng/g lipid in the p53 positiver( = 12) and negativen(= 10) these mutations were attributable to replacement of the normal
groups, respectively. o GGT sequence by either GAT or GTT (replacing glycine with
There was some evidence of an association betweetsK  gjther aspartic acid or valine). The distribution of the different
codon 12 mutations and p53 staining. Twenty-two tumors were mytations in codon 12 of Kas is remarkably similar to that
mutant for both Kras and p53, 9 were wild-type for both, 15 reported in a pooled analysis of 13 separate studies (17).
tumors were Kras wild-type but p53 mutant, and 3 tumors Immunohistochemical staining patterns for p53 were
were K-ras mutant but p53 wild-type R = 0.051, Fisher's found in about 50% of the pancreas cancers in this study, which
exact test). is in agreement with previously reported frequencies (19, 25,
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34). In general, p53 staining is associated with inactivation of tion. Additional tumor characteristics (differentiation, mitotic
the gene as determined by DNA sequence analysis, but differ- index, nuclear atypia, and grade) did not appear to differ be-
ences between the two methods exist. Analysis by immunohis- tween those from diabetic patients or from non-diabetic pa-
tochemistry has the advantage that all of the mutations that tients, although the numbers for these comparisons are small.
outside exons 5 through 8 to which most sequencing efforts are tjona| status and tumor grade and stage have generally been
limited. Previous studies have shown thairds codon 12 absent in pancreatic cancer (13, 17), although we did find a
mutations andp53 tumor suppressor gene alterations occur weak trend toward a higher frequency ofris mutations with
independently of each other (34). Our data are in general jncreasing stage. Because our study consisted only of surgical
agreement with this, although there was some evidence of ancages we must assume a selection for lower tumor stage, which
association between-fas mutations and p53 accumulation. In - v jimit generalizability to more advanced cancers. However,
this study, mutations in codon 12 of#&s or p53 staining did  he'frequency and pattern of ks mutations observed in this
not cluster in any particular patient group: associations with gy,qy are consistent with previously reported series. None of
age-at-diagnosis, sex, or race have not been reported previouslype yymor grade criteria (glandular differentiation, nuclear aty-
and are absent in this study as well. pia, and mitotic index) or the combined measure of these
K-ras and Diabetes Mellitus. One striking observation was parameters were statistically different between thea&pos-

the relative absence of-kas mutations in pancreatic tumors jtive and negative groups. These findings are in agreement with
from patients with a self-reported diagnosis of diabetes mellitus results from previous studies (19, 37, 38).

more than 1 year prior to the diagnosis of pancreatic cancer.  \when p53 staining was considered, a completely different
The two patients who had Kas mutation positive tumors  picture in relation to histopathological features emerged. There
reported diabetes 2 and 4 years prior to their pancreatic cancenyere significant trends between increasing p53 positivity and
diagnosis, respectively, whereas the sixas-mutation nega-  poth decreasing glandular differentiation and increasing nuclear
tive cases had a minimum of 4 years between the reported onselatypia. Several studies on pancreatic cancer have shown a
of diabetes and the pancreatic cancer diagnosis. Our assessmefg|ationship betweep53mutations and nuclear aneuploidy and
of diabetes was based on a self-reported diagnosis, which was oy gifferentiation (25, 38). A possible explanation for the
previously shown to be in good agreement with information 5sgqciation between p53 inactivation and nuclear abnormalities
obtained from medical records of pancreatic cancer patients i the proposed role of the p53 tumor suppressor protein in the
(35). The first question regarding diabetes was: “Were you ever ..-irtenance of genomic integrity (39). According to this sce-
diagnosed as having diabetes, or sugar diabetes that lasted fof, 5 ‘jnactivation of p53 leads to increased accumulation of
one year or longer?,” and was followed up with 9 additional gitional chromosomal abnormalities, including those that
guestions regarding the specifics of the diagnosis. Given that all lead to deletion of the53 locus itself (40). Accumulation of
patients were asked the same question, all were pancreaticp53 protein was also more frequently found in higher stage

cancer caseg‘,, an(tj nonetwere alwar.?. oft.thas’t.).Gtatus of the tumors, although none of the five stage IV tumors in this study
cancer, we do not expect any classification bias. stained for p53. Some reports have indicated a similar associ-

estatl)tliIsshér(]jt?irselfg]c%otroforlotgntgrztagl:agaertlizrm: ”nlwtsts;a-lzne"cllwseig-of ation of pS3 positivity with higher-stage tumors, and there are
20 case-control and coho?t studies demons.trated a relati)\//e riskindications thapS3 inactivation may be associated with poor
survival in pancreatic cancer (25, 38). Staining for p53 was not

O;ﬁg?euatﬁ%i;c}rs %itlliigtls \t’;'tged;agg:ﬁsurgsg'rt%seggqSlg 23;?33?& different between patients with or without a previous diagnosis
P Y of diabetes or for the other patient characteristics (Table 4).

diabetic patients had a history of chronic or acute pancreatitis. .
The biology underlying an association of diabetes with pan- Environmental Exposures. Although the occurrence ofas
creas cancer remains poorly understood. A possible factor mutations is linked to sm_oklng_ in tumor types such as _Iung_
might be the exposure of the pancreas to the growth-promoting €ancer (41), such a relationship appears to be absent in this
effects of high levels of insulin in certain cases (36). study. One previous report indicated a difference ifrals

The close association of diabetes with a wild-typeas mutation prevalence between ever- and never-smokers in pan-
result is suggestive of a distinct tumorigenesis pathway in these creatic cancer, but there was no association with the number of
patients. Indeed, evidence for separate tumor pathways hasPack-years smoked (19). Other studies have failed to show an
been proposed for pancreatic cancer in a recent report by association with smoking (25). In light of the modest increased
Gogginset al. (37). A small minority of tumors exhibit micro- ~ risk of pancreatic cancer with smoking, the effect orras
satellite instability (RER phenotype) which is caused by defects mutational pattern is probably small.
in DNA mismatch repair capacity. The RER phenotype tumors An association between coffee drinking and pancreatic
were associated with the absence efdé codon 12 mutations, ~ cancer was proposed in some early studies, but nearly all
poor histological differentiation, a syncytial growth pattern in  subsequent studies have failed to document such an increased
which cell borders are not well defined, and a better prognosis. risk (reviewed in Ref. 2). Recently, it was reported that coffee
Of the eight pancreatic cancers from patients who had a pre- consumption was significantly higher in patients withrés
vious diagnosis of diabetes in this study, only one appeared to positive tumors than in patients with ks negative tumors
fit the criteria for the RER phenotype. It can, thus, be hypoth- (42). However, our study did not find any clear relation be-
esized that pancreatic cancers arising in patients with a long- tween Kras mutational pattern or p53 staining and coffee
standing history of diabetes may have a different genetic profile drinking. This was true for caffeinated coffee, decaffeinated
than those that are not associated with diabetes, and that theseoffee and total coffee drinking habits. Our data do not suggest
tumors are different from those with the RER phenotype. It an influence of coffee consumption on the pattern ofals
would be of interest to determine whether such differences are mutations op53inactivation in pancreatic cancer. However, it
reflected in tumor behavior and, eventually, patient outcome. may be a limitation that our questionnaire asked about average
Additional studies will be needed to study this specific ques- total coffee consumption habits during the year prior to diag-
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nosis, which may not capture the etiologically relevant expo- mutated oncogene in pancreatic cancer, was rare in tumors
sure period. obtained from patients with a history of diabetes. Additional

Information linking organochlorine exposure and cancer is studies will be needed to determine whether this reflects a
largely based on animal research and less so on epidemiologicalseparate pathway of tumorigenesis in these patients. Although
studies in humans (9, 10). In rodents, DDT and DDE have a previous reports have identified increased risk for pancreas
possible mutagenic effect, whereas PCBs can act as tumorcancer associated with cigarette smoking, possibly coffee con-
promoters. The United States Environmental Protection sumption, and organochlorine levels in serum, these factors
Agency has classified both DDT and PCBs as probable human were not associated with either figs or p53 accumulation in
carcinogens (43, 44). Occupational exposure to technical gradethe present study. In addition, strong evidence was found for a
DDT was associated with an increased risk for pancreatic relationship between p53 accumulation and nuclear abnormal-
cancer in one study (11), whereas other studies have been todties, consistent with a role of p53 in the maintenance of
small to detect effects on specific cancer types (10). We did not genomic integrity.
find an association between serum DDE levels and pancreatic
cancer risk in the larger case-control study from which the acknowledgments
specimens reported here were obtained (28), whereas a d_lﬁer_ We would like to thank Jennifer Kristiansen for subject recruitment and
ent case-control study reported elevated organochlorines gata coordination, Dr. Sally Glaser and Carol Young at the Northern California
among pancreatic cancer cases (14). The limitations found with Cancer Registry for tumor block retrieval, Lyle Lansdell for sample processing
DDE apply to studies of occupational exposures to PCBs as and storage, Cindy Moomaw for help with p53 immunohistochemical staining,

R . and Greg Solomon for DNA sequencing support.
well: only one of eight cohorts has demonstrated an elevated
risk for pancreatic cancer (10, 12), although we observed a
significant dose-response relationship for total PCBs in the References
larger case-control study (28). Our data suggest a possible link 1. Cancer Facts and Figures. Atlanta, GA: American Cancer Society, 1998.
between DDE exposure and the absence eb&mutations 2. Weiderpass, E., Partanen, T., Kaaks, R., Vainio, H., Porta, M., Kauppinen, T.,
P = 0.16. Wilcoxon’ This r It woul r in Ojajarvi, A., Boffetta, P., and Malats, N. Occurrence, trends and environment
( 0.16, coxon's test) S es.Ut ould argue against a etiology of pancreatic cancer. Scand. J. Work Environ. & He@th,165-174,
role of DDT as a mutagen acting in the rids pathway of 1998,
_pancreaﬂc cancer tumorlgene3|s_,. There was also no dlﬁerence& Gold, E. B. Epidemiology of and risk factors for pancreatic cancer. Surg. Clin.
in PCB levels between the Kas wild-type and mutant groups.  North Am., 75: 819—843, 1995.
Although serum organochlorine levels were available only for 4. Everhart, J., and Wright, D. Diabetes mellitus as a risk factor for pancreatic
a limited subset of patients, which limited the power of our cancer. A meta-analysis. J. Am. Med. Ass@73: 1605-1609, 1995.
comparisons, the measurements in this study were comparableb. Doll, R., Peto, R., Wheatley, K., Gray, R., an Sutherland, I. Mortality in
with those found in the larger ongoing case-control study from relation to smoking: 40 years’ observations on male British doctors. Br. Med. J.,

which our specimens were derived (see Table 1 309: 901-911, 1994.
p ( ) 6. Mack, T. M., Yu, M. C., Hanisch, R., and Henderson, B. E. Pancreas cancer

LCM. LCM is a powerful tool for targeting specific cell pop-  and smoking, beverage consumption, and past medical history. J. Natl. Cancer
ulations (45). This is especially important for the molecular Inst., 76: 49-60, 1986.

ana|ysis of pancreatic cancer Ce"s‘ among which small nests of 7. MacMahon, B., Yen, S., Trichopoulos, D., Warren, K., and Nardi, G. Coffee
tumor cells are frequently surrounded by abundant nonneoplas-2"d cancer of the pancreas. N. Engl. J. M&04: 630633, 1981.

; : ; ; : [T 8. Harnack, L. J., Anderson, K. E., Zheng, W., Folsom, A. R., Sellers, T. A., and
tic reactive tissue. With Only minor purlflcatlon steps, LCM Kushi, L. H. Smoking, alcohol, coffee, and tea intake and incidence of cancer of

prepar.atlions yielq DNA that !S highly enriched for tumor and IS the exocrine pancreas: the lowa Women's Health Study. Cancer Epidemiol.

of sufficient quality for multiple PCR analyses. This enrich-  Biomark. Prev.6: 1081-1086, 1997.

ment is particularly important for molecular analyses that re- 9. Dich, J., Zahm, S. H., Hanberg, A., and Adami, H. O. Pesticides and cancer.

quire pure tumor cell populations such as analyses for sequenceCancer Causes Contrd@; 420-443, 1997.

changes or for loss of heterozygosity. However, in some cases, 10- L?Sgﬂfckzh ';:l P-I, R(:ﬁ)an, V\r/1 J. ;:md Iaucier, G.( Thle hhlfman hedalt)h e;]ffectls )of

. ec : DDT (dichlorodiphenyltrichloroethane) and PCBs (polychlorinated biphenyls

It. was dlﬁlcy|t tQ locate the cells of IntereSt_under the LCM and an overview of organochlorines in public health. Annu. Rev. Public Health,

view, especially in the absence of larger architectural structures 1g: 211244, 1997.

in the section. It was also clear that a fraction of the tissue 11. Garabrant, D. H., Held, J., Langholz, B., Peters, J. M., and Mack, T. M. DDT

adheres nonspecifically to the cap, even when the laser was notand related compounds and risk of pancreatic cancer. J. Natl. CanceB#hst.,

activated to melt the polymer. These cells were not expected to 764771, 1992. . .

contribute significantly to the final DNA preparation, however, 12 vassi, A, Tate, R, and Fish, b. Cancer mortality In workers employed at a

and this was shown in several experiments using serial dilutions tlr:n‘;?]m;sr rga:” ;ﬁ::;'n? Eagzrgén'vj'v\'/” Bgﬂrf;t j i_iﬂé nd‘;‘rson Lo

in the K-ras ECR' Thes_e eXper'_ments also showed that t_he and Needhf;lm, L.’ L. Chlvorinalted hycirocarbbn Ievelé in hhmén serum: ef’fects 6f

DNA preparations contained sufficient numbers of gene copies fasting and feeding. Arch. Environ. Contam. Toxicdlg: 495-500, 1989.

to be representative of the tumor. A minimum of 256rd6 14. Porta, M., Malats, N., Jariod, M., Grimalt, J. O., Rifa, J., Carrato, A.,

gene copies were calculated to be present at the start of eachBuamer, L., Salas, A., Santiago-Silva, M., Corominas, J. M., Andreu, M., and

PCR assay, which should give sufficient representation of any Real, F. X. Serum concentrations of organochlorine compounds and K-ras mu-

! . . . tations in exocrine pancreatic cancer. PANKRAS 1l Study Group. Larg&t,

abnormal sequences present in the tumor. Representation is a5 5129 1999

Important aspect Wh_en using forma"n'ﬂXEd tlssue'_wh'Ch may 15 Bos, J. L.ras oncogenes in human cancer: a review. Cancer R6s.

degrade DNA and increase the risk of false-positive results 4682-4689, 1989.

(46). 16. Slebos, R. J. C., Ceha, H. M., Kern, S. E., and Hruban, R. H. Molecular
In conclusion, we have assesseetdé oncogene muta- genetics of pancreas cancém: F. H. Sarkar and M. C. Dugan (eds.), Current

tions and p53 protein accumulation in a population-based sam- Topics in Pancreas Cancer. Natick, MA: Eaton Publlshlﬁg, 1998. .

ple of pancreatic cancers to investigate the hypothesis that theseéﬂ@”%ﬁibf'g”lffg ﬁgg';’”’ K. C. The molecular genetics of pancreatic cancer.

genetic alterations may be associated with known or postulated X o N ) )

’ . L 18. Almoguera, C., Shibata, D., Forrester, K., Martin, J., Arnheim, N., and

risk fact(_)rs _for pancreatic cancer. One of the main findings was Perucho, M. Most human carcinomas of the exocrine pancreas contain mutant

that activation of the Kas oncogene, the most commonly  c-K-ras genes. Cell53: 549-554, 1988.



1232 K-ras and p53 in Pancreatic Carcinoma

19. Hruban, R. H., van Mansfeld, A. D., Offerhaus, G. J., van Weering, D. H.,
Allison, D. C., Goodman, S. N., Kensler, T. W., Bose, K. K., Cameron, J. L., and
Bos, J. L. kras oncogene activation in adenocarcinoma of the human pancreas.
Am. J. Pathol.143: 545-554, 1993.

20. Wilentz, R. E., Chung, C. H., Sturm, P. D., Musler, A., Sohn, T. A,
Offerhaus, G. J., Yeo, C. J., Hruban, R. H., and Slebos, R. J-@sknutations

in the duodenal fluid of patients with pancreatic carcinoma. Cancer (PiaR.),
96-103, 1998.

21. McCormick, F. ras-related proteins in signal transduction and growth control.
Mol. Reprod. Dev.42: 500-506, 1995.

22. Hollstein, M., Sidransky, D., Vogelstein, B., and Harris, C. C. p53 mutations
in human cancers. Science (Washington DZ53: 49-53, 1991.

23. Barton, C. M., Staddon, S. L., Hughes, C. M., Hall, P. A., O'Sullivan, C.,
Kloppel, G., Theis, B., Russell, R. C., Neoptolemos, J., Williamson, R. C., Lane,
D. P., and Lemoine, N. R. Abnormalities of tp&3 tumour suppressor gene in
human pancreatic cancer. Br. J. Canéet, 1076-1082, 1991.

24. Ruggeri, B., Zhang, S. Y., Caamano, J., DiRado, M., Flynn, S. D., and
Klein-Szanto, A. J. Human pancreatic carcinomas and cell lines reveal frequent
and multiple alterations in the53 andRb-1tumor-suppressor genes. Oncogene,
7:1503-1511, 1992.

25. Redston, M. S., Caldas, C., Seymour, A. B, Hruban, R. H., da Costa, L., Yeo,
C. J., and Kern, S. Ep53 mutations in pancreatic carcinoma and evidence of
common involvement of homocopolymer tracts in DNA microdeletions. Cancer
Res.,54: 3025-3033, 1994.

26. Bonner, R. F., Emmert-Buck, M., Cole, K., Pohida, T., Chuaqui, R., Gold-
stein, S., and Liotta, L. A. Laser capture microdissection: molecular analysis of
tissue. Science (Washington DQ@)78: 1481-1483, 1997.

27. Simone, N. L., Bonner, R. F., Gillespie, J. W., Emmert-Buck, M. R., and
Liotta, L. A. Laser-capture microdissection: opening the microscopic frontier to
molecular analysis. Trends Geneit4: 272-276, 1998.

28. Hoppin, J. A., Tolbert, P. E., Holly, E. A., Brock, J. W., Korrick, S. A.,
Altshul, L. M., Zhang, R. H., Bracci, P. M., Burse, V. W., and Needham, L. L.

Pancreatic cancer and serum organochlorine levels. Cancer Epidemiol. Biomark.

Prev.,9: 199-205, 2000.

29. Atlas on Tumors of the Pancreas. E. Solcia, C. Capella, and G. Kloppel,
(eds.), Third Series, Fascicle 20. Washington, DC: Armed Forces Institute of
Pathology, 1995.

30. American Joint Committee for Cancer (AJCC) Cancer Staging Manual, Ed.
5. Hagerstown, MD: Lippincott-Raven Publishers, 1998.

31. Chung, C. H., Wilentz, R. E., Polak, M. M., Ramsoekh, T. B., Noorduyn,
L. A., Gouma, D. J., Huibregtse, K., Offerhaus, G. J., and Slebos, R. J. C. Clinical
significance of Kras oncogene activation in ampullary neoplasms. J. Clin.
Pathol.,49: 460—464, 1996.

32. Hruban, R. H., Sturm, P. D., Slebos, R. J. C., Wilentz, R. E., Musler, A. R.,
Yeo, C. J., Sohn, T. A,, van Velthuysen, M. L., and Offerhaus, G. J. GaasK
codon 12 mutations be used to distinguish benign bile duct proliferations from
metastases in the liver? A molecular analysis of 101 liver lesions from 93 patients.
Am. J. Pathol.51: 943-949, 1997.

33. Brock, J. W., Burse, V. W., Ashley, D. L., Najam, A. R., Green, V. E.,
Korver, M. P., Powell, M. K., Hodge, C. C., and Needham, L. L. An improved

analysis for chlorinated pesticides and polychlorinated biphenyls (PCBs) in
human and bovine sera using solid-phase extraction. J. Anal. ToxRf@il.,
528-536, 1996.

34. Michels Blank, H., Tolbert, P. E., and Hoppin, J. A. Patterns of genetic
alterations in pancreatic cancer: a pooled analysis. Environ. Mol. Mutag@n.,
111-122, 1999.

35. Soler, M., Malats, N., Porta, M., Fernandez, E., Guarner, L., Maguire, A.,
Pinol, J. L., Rifa, J., and Carrato, A. Medical conditions in patients with pancre-
atic and biliary diseases: validity and agreement between data from questionnaires
and medical records. PANKRAS Il Study Group. Dig. Dis. Séi; 2469-2477,

1999.

36. Gapstur, S. M., Gann, P. H., Lowe, W, Liu, K., Colangelo, L., and Dyer, A.
Abnormal glucose metabolism and pancreatic cancer mortality. J. Am. Med.
Assoc.,283: 2552-2558, 2000.

37. Goggins, M., Offerhaus, G. J., Hilgers, W., Griffin, C. A., Shekher, M., Tang,
D., Sohn, T. A,, Yeo, C. J., Kern, S. E., and Hruban, R. H. Pancreatic adeno-
carcinomas with DNA replication errors (RER are associated with wild-type
K-ras and characteristic histopathology. Poor differentiation, a syncytial growth
pattern, and pushing borders suggest RERm. J. Pathol.152: 1501-1507,
1998.

38. DiGiuseppe, J. A., Yeo, C. J., and Hruban, R. H. Molecular biology and the
diagnosis and treatment of adenocarcinoma of the pancreas. Adv. Anat. Pathol.,
3: 139-155, 1996.

39. Lane, D. P. Cancer. p53, guardian of the genome. Nature (Ld3@B),
15-16, 1992.

40. Slebos, R. J. C., Resnick, M. A., and Taylor, J. A. Inactivation ofptb@
tumor suppressor gene via a novel Alu rearrangement. Cancer38e$333—
5336, 1998.

41. Slebos, R. J., Hruban, R. H., Dalesio, O., Mooi, W. J., Offerhaus, G. J., and
Rodenhuis, S. Relationship betweerr&s oncogene activation and smoking in
adenocarcinoma of the human lung. J. Natl. Cancer 183t.1024-1027, 1991.

42. Porta, M., Malats, N., Guarner, L., Carrato, A., Rifa, J., Salas, A., Corominas,
J. M., Andreu, M., and Real, F. X. Association between coffee drinking and K-ras
mutations in exocrine pancreatic cancer. J. Epidemiol. Community Héx8th,
702-709, 1999.

43. U.S. Environmental Protection Agency. Integrated Risk Information System
(IRIS) on DDE. Cincinnati, OH: Environmental Criteria and Assessment Office,
Office of Health and Environmental Assessment, Office of Research and Devel-
opment, 1993.

44. U.S. Environmental Protection Agency. Report on peer review workshop on
PCBs: cancer-dose response assessment and application to environmental mix-
tures. Washington, DC: National Center for Environmental Assessment, 1996.

45. Simone, N. L., Bonner, R. F., Gillespie, J. W., Emmert-Buck, M. R., and
Liotta, L. A. Laser-capture microdissection: opening the microscopic frontier to
molecular analysis. Trends Genelt4: 272-276, 1998.

46. Williams, C., Ponten, F., Moberg, C., Soderkvist, P., Uhlen, M., Ponten, J.,
Sitbon, G., and Lundeberg, J. A high frequency of sequence alterations is due to
formalin fixation of archival specimens. Am. J. Pathdl55: 1467-1471, 1999.



